ABSTRACT: The increasing demand for raw material for multiple uses of forest products and byproducts has attracted the interest for fast growing species, such as the Australian Cedar (Toona ciliata), which presents high productive and economic potential. This study aimed at estimating genotypic parameters and values for the species through the use of the BLUP procedure, at individual level, with repeated measures, by means of the conventional evaluation procedures and the introduction of innovative digitalization of the measurements by digital camera with the images provided by the Imagej software system. The main objective is to subsidize the beginning of a breeding program for the species. The assays were carried out in private properties, in plantations located in the state of Rio de Janeiro, Brazil. The results generated by three evaluations revealed that the image digital analysis is adequate to quantify characteristics of Toona ciliata. It is also an effective and accurate alternative to minimize the costs of data collection in evaluations with the species. There was high accuracy for the characters plant height, diameter at breast height and cylindrical volume. Out of the 90 genotypes evaluated, 38 expressed genotypic values predicted for the diameter at breast height higher than the general average of this character, 33 for the cylindrical volume and 49 for height, allowing gains of up to 24.9 % in average for cylindrical volume. The method of mixed models (REML/BLUP) applied via the SELE-GEN software system, using the BLUP procedure at individual level and repeated measures in each individual proved to be adequate to estimate the genetic parameters and predict genotypic values in situations of unbalanced data. Therefore, it is very useful and practical for Toona ciliata genetic breeding programs.
Introduction
The increasing demand for raw material for multiple uses of forest products and by-products has attracted the interest in fast growing species with high productive potential and relevant economic return, such as the Australian Cedar (Toona ciliata), an exotic species of the family Meliaceae, which, according to Pinheiro et al. (2006) , has found absolutely favorable conditions to develop in Brazil.
The adoption of accurate methods in the selection of better individuals in breeding programs with perennial plant species, such as forest species, is directly related to the potential success of the methodology. The success of breeding is related to the unmistakable capacity to select the best individuals that will be the parents of the next generations .
The selection process of perennial plants should be based on the additive genetic values of the individuals that will be used in the recombination and the genotypic values of the individuals to be cloned (Resende, 2002) . The individual procedure best linear unbiased prediction (BLUP) has been adequate to predict genetic values in the evaluation of perennial plants, by predicting genetic values of random effects of the statistical model, through observations of the phenotypic characteristics, adjusting the data to the fixed effects and the uneven number of information in the plots, by means of the mixed model methodology (Verardi et al., 2009) . Padilha et al. (2003) and Farias Neto (2002) have emphasized the importance of the repeatability models (parameter associated to the phenotypic correlation among repeated measures in the same individual) for the genetic evaluation of some perennial species, such as erva-mate (Ilex paraguariensis St.Hil), and fast growing forest species. The genetic evaluation involving individuals of these species is based on models that consider both the effect of the permanent environment and the mentioned repeatability.
In spite of the potential of the BLUP technique, the quantifications of biometric characteristics in forest species of interest for the market have been currently estimated by conventional procedures, which demand more time and resource. Besides, some characteristics are difficult to be accessed and highly susceptible to errors of inference, such as the canopy diameter. An alternative for this is the use of non-conventional procedures, such as that proposed in this study, which performs the measurement of the desired characteristics in individuals of populations by means of the analysis of images with the use of digital camera with photographical documentation via the Imagej software system. Therefore, this study aimed at estimating parameters and genotype values by the BLUP procedure at the individual level, in populations of Australian Cedars, using several individuals and repeated measures, estimated by conventional procedures of measurement and by digitalization of images, aiming at assessing the efficiency of the non- 
Materials and Methods
The assays were carried out in commercial plantations of Australian Cedar in three locations: i) Triunfo, located in Santa Maria Madalena-RJ (22º51' S; 41º09' W, 118 m a.s.l; ii) Alto Imbé, located in Santa Maria Madalena-RJ (21º59' S; 41º58' W; 340 m a.s.l.); and iii) in Trajano de Moraes-RJ (22º07' S; 42º13' W; 660 m a.s.l).
The plantations were implanted in the second half of 2005, in the spacing of 3 × 2 m, with seedlings produced by seminal via. The seeds used in Triunfo were from the state of Espírito Santo and those of Alto Imbé and Trajano, from plantations of Viçosa-MG. Thirty individuals were randomly preselected in each plantation, and three measurements were performed, with 6-month intervals between them. After completion, the average was used for all analyses.
Phenotyping via digital and conventional analysis
In this study, in which a new methodology was used for variable measurement by means of a digital camera, the averages of the digitalized images were compared, and then measurements were performed of the diameter at breast height (DBH) and stem diameter (SD) in an image, and height (H) in another image, with the use of the Imagej software system, in comparison to the manual collection using Suta to measure the diameter at breast height (DBH) and stem diameter (SD), and graduated scale to measure height (H), in the same population.
The preselected plants were evaluated as for the following characteristics: plant height (H), diameter at breast height (DBH), cylindrical volume (CV), stem diameter (SD), distance between nodes (Internodes) and canopy diameter (CD). Those were estimated by two procedures: i) measurement using Suta and graduated scale; and the diameter at breast height (DBH) was measured: in centimeters (cm), at 1.3 m of the height of the trunk base. The cylindrical volume (CV): was indirectly estimated, through the use of the equation (π/4) x DBH 2 . H, using the measurements of the characteristics mentioned in the equation, which had been previously achieved. The stem diameter (SD): in centimeters (cm), was estimated at the base of the plants. The distance between nodes (Internodes): in centimeters (cm), was achieved through the weighted average of the distances among the nodes immediately superior to 1.30m of height of the base of the trunk. The diameter of the canopy (CD): in centimeters (cm), was quantified at the height of the branches, and the image of the base of the plant was achieved focusing the canopy and ii) measuring the desired characteristics, through the analysis of the images of each individual from two different positions by the Imagej software system. The images were achieved with the use of a digital camera, with resolution of 4.1 mega pixels.
The data achieved by the conventional methodology of measurement and by image digital analysis were subjected to the test of homogeneity of variances (F test) and t-test for two independent samples, to assess the validation of the data achieved by means of digitalized image.
In this aspect, the study aimed at investigating if the digital analysis methodology differed from the manual data collection methodology, which is traditionally used. For such, the Student t-test was applied to contrast the differences among population averages, considering the paired data, that is, for the same population, testing the digital analysis of the images and the manual data collection.
Genetic parameter estimates
The genetic values were estimated with the use of the Selegen-REML software system through the individual BLUP procedure with repeated measures for the characteristics plant height (H), diameter at breast height (DBH), cylindrical volume (CV), stem diameter (SD), distance between nodes (Internodes) and canopy diameter (CD).
The prediction of the genetic values followed the statistical model, in the context of the mixed linear models, presented as follows: y = Xm + Zg + Wi + e, in which: y is the data vector, m is the vector of the effects of the local combinations and measurements (assumed as fixed) added to the general mean, g is the vector of the genotypic effects added to the vector of the effects of permanent environment (assumed as random), i is the vector of the effects of the genotype × measurement interaction and, e is the vector of errors or residues (random). The capital letters represent the incidence matrices for the mentioned effects. The vector m comprises all the measurements in all the locations and adjusts simultaneously, for the effects of locations, measurement and location × measurement interaction.
The equations of mixed models to estimate the fixed effects and predict the random effects by the BLUP procedure, presented by Resende (2000) Acgen: accuracy in the selection of genotypes.
Results and Discussion
The results achieved for the characteristics diameter at breast height (DBH), stem diameter (SD) and plant height (H) are shown in Table 1 . The averages were statistically equal by the t test in the comparison among averages for both methodologies analyzed. This fact guarantees that the results achieved for the variables mentioned by image analysis can be safely used and that it is a viable and effective alternative to measure characteristics for the populations evaluated, facilitating the formation of a "pool" of information, which would be more difficult to be achieved with the use of the conventional procedures.
Estimates of variances, repeatability of the characteristics and accuracy of three evaluations
For the characters growth, diameter at breast height (DBH), plant height (H), cylindrical volume (CV), stem diameter (SD), distance between nodes (internodes) and canopy diameter (CD), the repeatability estimates varied between 0.023876 and 0.269556, as presented in Table 1 , and the values for DBH (0.244188), H (0.206068) and CV (0.269556) were consistent with the magnitudes reported by Sampaio et al. (2002) , in Pinus and by Garcia and Nogueira (2005) in Eucaliptus, for the same characteristics evaluated in this study.
The estimates of repeatability for the characteristic CV are located inside the interval of values of heritability estimates achieved by Resende (2002) , between 0.14 and 0.62, for timber volume in Eucalyptus grandis. The same author, using values found in literature, provides magnitudes of heritability averages for timber volume of 0.2l, based on 528 estimates for many forest species. It is necessary to emphasize that the values of repeatability measured for timber volume in T. ciliata, at three years of age, was 0.269556, with value accuracy of 0.855802, according to Table 2 , revealing good perspectives of genetic gains in future breeding programs.
The most important function of heritability in genetic studies on the metric character, according to Falconer (1987) , is its predictive capacity and the expression of the confidence of the phenotypic value as a guide for the genetic value. Repeatability represents the maximum value that heritability may achieve in the broad sense, because repeatability and heritability are different, since the genotypic variance used to estimate the repeatability is not only of genetic origin, but still masked by the variance components of the permanent environment and among individuals . Thus, since the variance caused by the permanent envi- ronmental effects is minimized, repeatability becomes closer to heritability and they might even be equal, in case the estimate of the genotypic variance is exclusively of genetic nature. As for the character DBH, works with eucalyptus, such as those developed by Rocha et al. (2007) and Martins et al. (2003) , have revealed satisfactory heritability close to 0.3000. Kageyama et al. (1977) evaluated populations of Pinus patula, in two locations and achieved estimates of relative heritability for the traits H and DBH, respectively, of 0.2873 and 0.1872 for a location, and 0.1623 and 0.1373 for the second location. The character DBH is considered the most important for the purposes of selection for wood production in E. urophylla and E. grandis (Rocha et al., 2007) . For these species, estimates of heritability of 0.2785 and 0.2247 and accuracies of 0.61 and 0.53, respectively for E. urophylla and E. grandis, are satisfactory for the genotype selection based on DBH (Rocha et al., 2007) . Similarly, repeatability values of 0.2441 and accuracy values of 0.8398 (Table 2) are consistent references for Toona ciliata.
Height, with estimated repeatability of 0.206068 and accuracy of 0.81095, is consistent with the interval presented by Garcia and Nogueira (2005) for the selection of clones of eucalyptus and higher than the estimates achieved by Kageyama et al. (1977) , for provenances of Pinus, indicating that there are real possibilities of genetic gains in the populations of Toona ciliata evaluated.
The repeatability estimate achieved for canopy diameter (D.Canopy) of 0.023876 (Table 2) presented the lowest magnitude, indicating the highest irregularity of the superiority of the individuals among the measurements for this character. In this aspect, for ten measurements, it would be possible to achieve accuracy estimate of 0.61. This high irregularity demonstrates that genotype selection based on this trait is not a good strategy. As for the characteristic CV, according to the Table 3 , five measurements would be necessary to achieve accuracy slightly higher than 0.90.
The estimates of the parameter accuracy for the variables diameter at breast height (DBH), plant height (H), cylindrical volume (CV), stem diameter (SD) and distance between nodes (Internodes) presented values ranging from 0.801902 to 0.855802. For the canopy diameter (CD), the accuracy estimate was 0.389126. It must be emphasized that Resende and Duarte (2007) proposed the classification of the statistical accuracy as very high (Acgen ≤ 0.90), high (0.70 ≤ Acgen ≤ 0.90), moderate (0.50 ≤ Acgen ≤ 0.70) and low (Acgen ≤ 0.50). Excepting for CD, in this study, the accuracy estimates were high, demonstrating high accuracy in the assessment of the true genetic variation based on the phenotypic variation observed in every trait. For CD, the low accuracy was probably caused by the high environmental influence, which disqualifies this characteristic for selection procedures in Toona ciliata.
The low interaction with age, observed by the genotypic correlations during measurements (Rgmed), for the characteristics evaluated, demonstrates that selection can be performed at any of the development stages used for measurements.
The best precision in relation to the uniformity in the repetition of the character CV demonstrates that it is the best characteristic to be used for selection, because it expresses the best genetic control. However, since this variable is more difficult to be quantified, it can be concluded that the best option is the selection by DBH because it expresses high uniformity in the sequential evaluations, it is easy to quantify and presents high correlation with the character CV ( al. (2002), who recommended selection with fulcrum in DBH, also due to easy evaluation and accuracy. However, the most important reason is the high additive genetic correlation with height and volume.
Selection and estimates of gains
Thirty-three genotypes were selected (Table 5) , out of the 90, corresponding to 36.6 % of the populations investigated for the characteristic CV. These materials presented averages higher than the general average, achieving relative performance higher than 96 %. The genotype 3, located in Triunfo, occupied the first position in the ranking for CV, with genotypic value equal to 0.0373 and new average of 0.1493 m 3 , corresponding to an increase in 9.0 % in the general average for the character.
The progress expected with the selection depends on the heritability of the character, intensity of selection and phenotypic standard deviation of the character . In accordance with that, the values of repeatability achieved in the present research allow the prediction of excellent possibilities of genetic gains, mainly via DBH, by its parametric estimates higher than the height, since it is strongly related to the characteristic CV (Table 4) . It allows one to infer that the selection process will also provide satisfactory results for timber volume, which is one of the most economically important characteristics for forest species.
Particularly for the characteristic timber volume, the lower correlation occurred for larger canopy diameter, with diameter at breast height. Through a global analysis, the lower correlation between two characteristics occurred between the canopy diameter and the distance between nodes (Table 4 ). The characteristics stem diameter (SD) and distance between nodes (Internodes) present values consistent with the values for growth characteristics.
The canopy diameter revealed that, for the genotype 5, it is possible to achieve an increase in 21.13 % in the average, designing a new average of 311.1045 centimeters. However, there must be caution with such inference, since canopy diameter was the characteristic that expressed the lowest correlation with cylindrical volume, according to Table 4 .
Stability of genetic values
The results of simultaneous genotype ordering by their genetic values (productivity) and stability, related to the genotypic stability by the harmonic mean method of the genotypic values, according to Resende (2004) , found in the Tables 6 and 7 , clarify the genotypic behavior through the measurements, since the lower the standard deviation, the higher the harmonic mean of its genotypic values over time.
The prediction based on the harmonic mean allows the selection by productivity and stability, simultaneously, in opposition to the procedure based on arithmetic average, which is suitable for the selection only by productivity. Thus, the selection by the criterion that employs the highest estimates of the harmonic means of the genotypic values (MHVG) is an excellent strategy, allowing safe inferences about the prediction of the genetic values, with the advantage of gathering in a single selection criterion both productivity and stability. 
